Introduction
Continuously growing interest in the chemistry of natural products and other molecules of general importance such as pharmaceuticals, chiral building blocks, and agromaterials has resulted in development of a great number of synthetic approaches towards these types of compounds, based on stereodifferentiating reactions by using inductors of chirality in sub-stochiometric amounts. In recent years, asymmetric organocatalysis has emerged as a very attractive method for the construction of enantiomerically pure and enriched compounds, being complementary to metal and enzyme catalysis. [1] In particular, a number of highly enantioselective transformations of carbonyl substrates catalyzed by chiral secondary amines involving the corresponding enamine [2] or iminium [3] intermediates have been successfully performed. Domino reactions, in which more than one bond is being formed in a multistep one-pot reaction sequence, giving access to molecules of complex architecture without isolation and purification of the intermediates, are of great importance in organic chemistry. As it has been demonstrated, organocatalysis provides a possibility to perform such reactions in an asymmetric fashion with high levels of stereocontrol. The immense progress in this field of organocatalysis has been recently reviewed. [4] In our efforts to contribute to this extensively developing research area, we have recently established several multicomponent domino processes, demonstrating that even up to five stereocenters [5h] can be formed in an organocatalytic domino reaction with excellent enantio-and diastereoselectivity. [5] Synthetic utility of organocatalytic domino processes in which the first step consists of an iminium-catalyzed Michael reaction for the synthesis of optically active carbo-and heterocyclic products is well recognized. [5, 6] However, to the best of our knowledge, the cascade reaction proceeding as a Michael-Knoevenagel condensation sequence is essentially unknown. Chiral, differently substituted, 2-oxocyclohex-3-enecarboxylates constitute an important group of organic molecules that has found many applications as useful building blocks in organic synthesis. [7] As a consequence, a number of preparative routes to these compounds has been developed. [7, 8] One of the most effective and operationally simple is that based on the [3+3] annulation reaction. [7e, 8b-d] The synthesis of optically active 3-diethoxyphosphoryl-2-oxocyclohex-3-enecarboxylates has not been previously described in the literature. However, this class of phosphonates is parKeywords: asymmetric synthesis · domino reactions · Michael-Knoevenagel reactions · organocatalysis · phosphonates Abstract: A novel, organocatalytic, highly enantio-and diastereoselective synthetic approach towards optically active 6-substituted-3-diethoxyphosphoryl-2-oxocyclohex-3-enecarboxylates is presented. Our methodology utilizes a Michael-Knoevenagel domino reaction sequence of ethyl 4-diethoxyphosphoryl-3-oxobutanoate and a,b-unsaturated aldehydes catalyzed by a chiral diarylprolinol ether. The cyclohexenecarboxylates obtained are particularly well suited for the preparation of highly functionalized cyclohexene and cyclohexane derivatives, with up to four chiral centers and high levels of stereocontrol.
ticularly interesting due to the their potential synthetic utility.
Therefore, we report an organocatalytic, diastereo-and enantioselective Michael-Knoevenagel domino one-pot approach towards highly functionalized 6-substituted-3-diethoxyphosphoryl-2-oxocyclohex-3-enecarboxylates (3) . We envisioned the reaction sequence involving Michael addition of ethyl 4-diethoxyphosphoryl-3-oxobutanoate (1) to a,b-unsaturated aldehydes (2) by using iminium activation, followed by subsequent Knoevenagel condensation of the resulting adducts as a facile and efficient approach to the target compounds (Scheme 1). Our methodology benefits from operational simplicity and benign reaction conditions. Moreover, we present that these optically active products are useful starting materials for further diastereoselective transformations leading to the formation of various enantiomerically enriched cyclohexene and cyclohexane derivatives with up to four stereocenters. Therefore, the optically active products obtained, can be considered as versatile building blocks for the synthesis of molecules of higher complexity.
Results and Discussion
Screening and scope: At the outset of our studies, investigations were carried out in order to find the optimal reaction conditions for the formation of enantiomerically enriched 6-substituted-3-diethoxyphosphoryl-2-oxocyclohex-3-enecarboxylates 3 (Table 1) . We anticipated that 2-[bis (3,5-bistrifluoromethylphenyl) trimethyl-silylanyloxymethyl]pyrrolidine 4 should be particularly well suited as a catalyst of our envisioned domino reaction, since its general catalytic activity has been confirmed in numerous aminocatalytic transformations. [9] Cinnamaldehyde 2 a was chosen as a model substrate. To our delight its reaction with ethyl 4-diethoxyphosphoryl-3-oxobutanoate 1 in CH 2 Cl 2 in the presence of 4 (10 mol %) was found to take place efficiently at room temperature and was completed within 24 h (Table 1 , entry 1). We also observed that the originally formed Michael adduct underwent, under these conditions, spontaneous intramolecular Knoevenagel reaction to give cyclohex-2-enecarboxylate 3 a with high enantioselectivity (94 % enantiomeric excess (ee)) and excellent diasteroselectivity (> 95:5) . In the next stage of the studies, different solvents, concentrations, and temperatures were screened. The Michael-Knoevenagel domino reaction could be efficiently performed in all solvents tested affording 3 a with high levels of stereocontrol (entries 1-4). However, chlorinated solvents were the most useful in terms of yields (Table 1 , entries 1 and 2). CH 2 Cl 2 turned out to be the solvent of choice and was used for concentration screening. Those studies revealed that enantioselectivity of the reaction was improved with increasing concentration of phosphonate 1 (Table 1, entries 5, 6) . Finally, the temperature effect was evaluated (Table 1, entries 7-9) and the key parameters of the reaction were found (Table 1, entry 9). Performing the reaction at À30 8C in the presence of PhCO 2 H (10 mol %) as co-catalyst allowed us to obtain 3 a in 76 % yield, and with excellent enantio-and diastereoselectivity within 24 h.
With the optimized conditions in hand, we investigated the scope of the reaction. The results are summarized in Table 2 . Various substituted cinnamaldehydes 2 b-f were treated with ethyl 4-diethoxyphosphoryl-3-oxobutanoate (1) . The reaction proved to be general, since good yields (76-95 %), high diastereoselectivities (ranging from 87:13 to > 95:5), and excellent enantioselectivities (97-98 % ee) were observed in all the cases. The position of the substituent on the aromatic ring had no significant influence on the stereochemical outcome of the reaction. Moreover, the MichaelKnoevenagel domino reaction with cinnamaldehydes bearing either electron-withdrawing or electron-donating substituents proceeded without noticeable changes in yield or stereoselectivity. The use of heteroaromatic 2-furyl substituted aldehyde 2 g is also worth mentioning, leading to the formation of 3 g with 71 % yield, 9:1 dr and 97 % ee (Table 2,  entry 7) . As expected, the opposite enantiomer of the catalyst (R)-4 gave access to the enantiomeric product ent-3 a as a single diastereoisomer with 98 % ee ( Table 2 , entry 8). Scheme 1. Enantioselective organocatalytic approach towards 6-substituted-3-diethoxyphosphoryl-2-oxocyclohex-3-enecarboxylates 3. To our surprise, aliphatic enals turned out to be unreactive under the applied conditions. Therefore, a screening of a model reaction between 2-pentenal (2 h) and compound 1 had to be performed and different additives were evaluated (Table 3 ). It became evident that the use of an additional basic co-catalyst, to facilitate the formation of the corresponding enol, is crucial for the reaction to proceed in a desired manner (Table 3 , entries 3-6). 1,4-Diazabicyclo-A C H T U N G T R E N N U N G [2.2.2]octane (DABCO) was found to be the best achiral basic additive, affording the Michael-Knoevenagel domino product 3 h efficiently with 90 % ee and 4:1 diastereomeric ratio (Table 3 , entry 5). In the next stage of screening, we decided to evaluate the influence of a chiral, basic co-catalyst on the reaction outcome. The use of hydroquinine (DHQ) as a chiral Brønsted base slightly increased enantioselectivity of the reaction (94 % ee, Table 3 , entry 6). Further screening revealed that loading of both catalyst and co-catalyst could easily be lowered to 10 and 5 mol %, respectively, without diminishing neither yield, nor stereoselectivity ( Table 3 , entry 7). Moreover, the presence of the chiral cocatalyst had no major impact on the stereochemical outcome of the reaction, indicating that no matching-mismatching interactions between catalyst and co-catalyst occur. The absolute configuration of the product is determined only by the chirality of the catalyst 4 (compare entries 7 and 8) . It is also worth noting that the relative ratio of catalyst and cocatalyst had appreciable influence on the results obtained. Increase of DHQ loading to 20 mol %, while maintaining catalyst loading at 10 mol %, significantly suppressed the reaction rate (8 days were required for full conversion of the starting phosphonate) leading to the formation of the product with lower yield and enantioselectivity (Table 3, entry 9) . Further experiments revealed that the enantioselectivity of the reaction is slightly temperature dependent and it increased with decrease of the reaction temperature to À30 8C (Table 3, entries 11, 12) . Once again addition of PhCO 2 H (2.5 mol %) turned out to be necessary to complete the reaction within 24 h (Table 3 , entry 12).
The optimal reaction conditions ( Table 3 , entry 12) were applied to the 2-[bis (3,5-bistrifluoromethylphenyl) trimethylsilylanyloxymethyl]pyrrolidine-catalyzed reaction of different aliphatic aldehydes 2 h-l with compound 1 (Table 4) . In all the cases, the reaction sequence involving Michael addi- Table 2 . 2-[Bis (3,5-bistrifluoromethylphenyl) [a] (3,5-bistrifluoromethylphenyl) tion and subsequent Knoevenagel condensation proceeded smoothly affording the products 3 h-l in good yields (72-86 %) and with excellent enantioselectivities (94-96 % ee). However, the diastereoselectivities were lower than those observed in the reactions with cinnamaldehyde (2 a) and its derivatives 2 b-g. The reaction conditions developed for the reaction of the aliphatic a,b-unsaturated aldehydes in Table 3 are indicative of an interesting combination of covalent and non-covalent organocatalysis.
Mechanistic considerations: The proposed mechanism for the highly enantioselective, organocatalytic Michael-Knoevenagel domino reaction is outlined in Scheme 2. The Michael addition proceeds through the standard catalytic cycle reported in the literature for various similar iminium-catalyzed transformations. In the first step a,b-unsaturated aldehyde 2 is activated by the formation of iminium ion 5 in the reversible reaction with amine catalyst 4. Chemo-and regioselective nucleophilic attack by the C-2 methylene atom of 1 at the b-carbon of iminium ion 5 takes place preferentially from the less hindered Re-face of 5, to avoid unfavorable steric interactions with the bulky substituent at C-2 in the catalyst. Subsequent hydrolysis of the intermediate 6 releases the catalyst and leads to the formation of 7. Finally, compound 7 undergoes intramolecular Knoevenagel condensation, probably catalyzed by an amine in the case of aliphatic a,b-unsaturated aldehydes, to afford 3. The absolute stereochemistry of the C-6 stereogenic center in 3, controlled by the chirality of the catalyst, was unambiguously confirmed by single-crystal X-ray analysis of the compound 12 a ( Figure 1 ) [10] and is in accordance with the results obtained in other Michael additions catalyzed by 4. The relative configuration of C-1 and C-6 stereogenic centers was based on NMR spectroscopic studies. The observed values of the coupling constants (
Hz) clearly proved trans-diaxial arrangement of the protons at C-1 and C-6 in the major diastereoisomers and, by analogy, allowed us to assign 1S,6R absolute configuration to the products 3 a-h and 3 j-l and 1S,6S to 3 i. Taking into account the mechanistic pathway, it is reasonable to assume that the absolute configuration at the C-6 stereogenic center in the minor diasteroisomers is the same as in the major ones. Both isomers differ in absolute configuration at C-1. Values of the coupling constant ( 3 JA C H T U N G T R E N N U N G (H1,H6) = 4.5-4.9 Hz) for the minor diastereoisomer indicates a cis-arrangement of the carboxylate moiety and R group. Formation of the minor diastereoisomer can be rationalized by the high acidity of the hydrogen at C-1 making it prone to rapid epimerization.
Product elaborations: Optically active 6-substituted-3-diethoxyphosphoryl-2-oxocyclohex-3-enecarboxylates (3) were used for the preparation of various enantiomerically enriched cyclohexene and cyclohexane derivatives. Initially we attempted a hydrolysis-decarboxylation reaction as an entry to 5-substituted-2-(diethoxyphosphoryl)cyclohex-2-enones (11; Scheme 3). Since acid-catalyzed hydrolysis-decarboxylation of tert-butyl 2-oxocyclohex-3-enecarboxylates constitute a well-established strategy to access 2-cyclohexenones, we decided to perform the Michael-Knoevenagel domino reaction of tert-butyl 4-diethoxyphosphoryl-3-oxobutanoate (9) and cinnamaldehyde (2 a) catalyzed by 4 to afford tert-butyl 2-oxocyclohex-3-enecarboxylate (10; Scheme 3). Methanesulfonic acid catalyzed hydrolysis-decarboxylation of 10 conducted in toluene at elevated temperature (90 8C) for 3 h yielded the target compound 2-diethoxyphosphoryl-5-phenylcyclohex-2-enone (11) in 96% ee. More interestingly, compound 11 could easily be obtained in a one-pot reaction, by using toluene as a solvent for both addition-cyclization Scheme 2. Proposed mechanism for highly enantio-and diastereoselective organocatalytic Michael-Knoevenagel domino reaction leading to the formation of optically active 6-substituted-3-diethoxyphosphoryl-2-oxocyclohex-3-enecarboxylates 3. www.chemeurj.org and hydrolysis-decarboxylation steps, in good yield, and proceeded without lowering the optical purity achieved in the Michael addition step.
The synthetic potential of carboxylates 3 was further demonstrated in other stereoselective transformations (Scheme 4). To begin with, application of various reduction conditions allowed us to obtain different phosphonates 12 and 13 in a highly chemo-and diastereoselective manner. For instance, reduction of 3 a with NaBH 4 in MeOH in the presence of CaCl 2 afforded fully reduced b-hydroxyphosphonate 12 with four stereocenters in high yield and with good diastereoselectivity (4:1 dr). On the other hand, Pd/C-catalyzed hydrogenation of the double bond in 3 a yielded b-ketophosphonate 13 as the only product. Moreover, compound 3 a turned out to be an effective Michael acceptor. Conjugate addition of phenylmagnesium bromide to 3 a in the presence of CuI afforded phosphonate 14. b-Ketophosphonates 13 and 14 were obtained as mixtures of two diastereoisomers differing in configuration at the C-3 stereogenic center and were not purified, but used as a crude for further elaborations. The results show that, due to the presence of the activated diethoxyphosphoryl moiety, compounds 13 and 14 could be efficiently utilized in Horner-WadsworthEmmons olefination of formaldehyde (Scheme 5).
This reaction led to the formation of particularly interesting a-methyleneketones 15 a and b, existing as fully enolized forms 16 a and b, in a highly enantio-and diastereoselective manner and good overall yield. Assignment of relative and absolute configuration to the products 10-16 was based on single-crystal X-ray analysis of 12 a and NMR spectroscopic studies.
Conclusion
In summary, we have developed a novel, stereoselective, organocatalytic Michael-Knoevenagel domino reaction of ethyl 4-diethoxyphosphoryl-3-oxobutanoate with a,b-unsaturated aldehydes, catalyzed by diarylprolinol ether leading to enantiomerically enriched 6-substituted-3-diethoxyphosphoryl-2-oxocyclohex-3-enecarboxylates.
Our methodology proved to be general, since a wide range of a,b-unsaturated aldehydes with both aromatic and aliphatic substituents easily could be reacted, affording the corresponding products with high levels of stereocontrol. Furthermore, the application of optically active 6-substituted-3-diethoxyphosphoryl-2-oxocyclohex-3-enecarboxylates in various stereoselective transformations has been demonstrated providing access to a range of cyclohexene and cyclohexane derivatives with up to four stereocenters, thus indicating the high synthetic utility of the compounds obtained.
Experimental Section
General methods: NMR spectra were run at 400, 162, and 100 MHz for 1 H, 31 P, and 13 C NMR spectra were acquired on a broad-band decoupled mode. Chemical shifts for phosphorus are reported in ppm relative to phosphoric acid (H 3 PO 4 , 0 ppm) used as an external standard. All phosphorus nuclear magnetic resonance spectra are proton-decoupled. Mass spectra were recorded using electrospray (ES + ) ionization techniques. Analytical TLC was performed by using precoated aluminum-backed plates and visualized by ultraviolet irradiation or KMnO 4 dip. Melting points are uncorrected. Optical rotations were measured on a Perkin-Elmer 241 polarimeter. The enantiomeric excess (ee) of the products was determined by chiral stationary phase HPLC (Daicel Chiralpak AS/AD or Daicel Chiralcel OD/OJ columns).
Materials: Analytical grade solvents and commercially available reagents were used without further purification. Catalysts (S)-4 and (R)-4 were Scheme 3. Stepwise and one-pot approach for the synthesis of optically active 2-diethoxyphosphoryl-5-phenylcyclohex-2-enone 11. purchased from Sigma-Aldrich. Ethyl [11a] and tert-butyl [11b] 4-diethoxyphosphoryl-3-oxobutanoates 1 and 9 were prepared according to literature procedures. Flash chromatography (FC) was carried out by using Iatrobeads 6RS-8060 (spherical silica gel) or silica gel purchased from Fluka (silica gel 60, 230-400 mesh). Racemic samples were prepared by using a racemic mixture of the catalyst 4.
General procedure for the preparation of alkyl 3-diethoxyphosphoryl-2-oxocyclohex-3-enecarboxylates 3 a-g and 10: An ordinary vial equipped with a magnetic stirring bar was charged with catalyst 4 (0.025 mmol, 14.9 mg), PhCO 2 H (0.025 mmol, 3 mg), and CH 2 Cl 2 (1.25 mL). Then, the solution was cooled to À30 8C and the a,b-unsaturated aldehyde 2 a-g (0.50 mmol) and 4-diethoxyphosphoryl-3-oxobutanoate 1 or 9 (0.25 mmol) were added. The stirring was maintained at À30 8C for about 24 h until completion of the reaction (monitored by 31 P NMR spectroscopy) and then directly subjected to FC on Iatrobeads to afford the products 3 a-g or 10. (3 e General procedure for the preparation of ethyl 3-diethoxyphosphoryl-2-oxocyclohex-3-enecarboxylates 3 h-l: An ordinary vial equipped with a magnetic stirring bar was charged with catalyst 4 (0.025 mmol, 14.9 mg), dihydroquinine (DHQ; 0.0125 mmol, 4.1 mg), PhCO 2 H (0.00625 mmol, 0.8 mg), and CH 2 Cl 2 (1.25 mL). The resulting solution was cooled to À30 8C and the a,b-unsaturated aldehyde 2 (0.50 mmol) and compound 1 (0.25 mmol, 66.6 mg) were added. The stirring was maintained at À30 8C for about 24 h until completion of the reaction (monitored by 31 P NMR spectroscopy) and then directly subjected to FC on Iatrobeads to afford the products 3 h-l.
A C H T U N G T R E N N U N G (1 S,6 R)-Ethyl 3-(diethoxyphosphoryl)-6-(3-methoxyphenyl)-2-oxocyclohex-3-enecarboxylate
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A C H T U N G T R E N N U N G (1 S,6 R)-Ethyl
Following the general procedure with catalyst (S)-4, compound 3 h was isolated by FC using Iatrobeads (CH 2 Cl 2 /Et 2 O 4:1), as a yellow oil in 76 % yield as a mixture of diastereoisomers (4:1 7.82 (ddd, J = 3.0, 5.1, 20.2 Hz, 1 H), 1 H), 1 H), 6 H), 3.20 (d, J = 10.7 Hz, 1 H), 2.72 (dtd, J = 2.5, 5.1, 19.9 Hz, 1 H), 1 H), 1 H), 4 H), 1 H), 1 H), 9 H) 1, 127.5, 61.4, 57.9 (d, J CP = 7.6 Hz), 36.5, 32.7, 31.0 (d, J CP = 14.7 Hz), 25.5, 24.4, 14.4 7.88 (ddd, J = 3.2, 4.8, 20.0 Hz, 1 H), 5 H), 2 H), 6 H 169.2, 162.9 (dd, J = 2.2, 5.9 Hz), 137.9, 130.7 (d, J = 182.2 Hz), 128.6 (2 ), 128.0, 127.8 (2 ), 73.6, 71.0, 62.9 (d, J = 5.7 Hz, 2 ), 61.5, 56.8 (d, J = 7.5 Hz), 37.5, 29.3 (d Preparation of diethyl 6-oxo-4-phenylcyclohex-1-enylphosphonate (11) Method A-decarboxylation of tert-butyl 3-diethoxyphosphoryl-2-oxocyclohex-3-enecarboxylate (10): Methanesulfonic acid (50.0 mol %) was added to a heated (90 8C) solution (0.2 m) of phosphonate 10 in toluene (1.25 mL) and the resulting mixture was stirred at elevated temperature for 3 h, cooled to RT, concentrated in vacuo, and directly subjected to FC on Iatrobeads to afford the product 11.
Method B-one-pot synthesis: An ordinary vial equipped with a magnetic stirring bar was charged with catalyst (S)-4 (0.025 mmol, 14.9 mg) and toluene (1.25 mL). The a,b-unsaturated aldehyde 2 a (1.00 mmol) and tert-butyl 4-diethoxyphosphoryl-3-oxobutanoate 9 (0.25 mmol) were added. The stirring was maintained at RT for about 20 h until completion of the domino Michael-Knoevenagel reaction (monitored by 31 P NMR spectroscopy); then the mixture was heated to 90 8C and methanesulfonic acid was added (0.125 mmol, 50 mol %). The reaction was stirred at elevated temperature for 3 h, cooled to RT, concentrated in vacuo, and directly subjected to FC on Iatrobeads to afford the product 11.
A C H T U N G T R E N N U N G (6 R)-Diethyl 6-oxo-4-phenylcyclohex-1-enylphosphonate (11) Following one of the procedures above, compound 11 was isolated by FC using Iatrobeads (CH 2 Cl 2 /Et 2 O 4:1), as a colorless oil in 50 % or 52 % yield respectively. Procedure for the preparation of ethyl 3-(diethoxyphosphoryl)-2-hydroxy-6-phenylcyclohexanecarboxylate (12): A solution of 3 a (76 mg, 0.2 mmol) in CH 2 Cl 2 (1 mL) was added to a solution of CaCl 2 in MeOH (0.4 m, 1.5 mL). The mixture was left stirring for approximately 30 min at RT, after which it was cooled to À30 8C and NaBH 4 was added (0.30 mmol, 11.4 mg). The reaction was left stirring for 45 min (followed by TLC), diluted with Et 2 O (2 mL), and quenched with aqueous 1 m 0.6 mL NaHSO 3 . The phases were separated and the aqueous phase extracted two times with CH 2 Cl 2 (20 mL), the organic phases were collected, dried over MgSO 4 and concentrated in vacuo. The residue was purified by FC on Iatrobeads to afford the compound 12.
(1 S,2 R,3 R,6 R)-Ethyl 3-(diethoxyphosphoryl)-2-hydroxy-6-phenylcyclohexanecarboxylate (12 a; minor diastereomer): Compound 12 a was isolated by FC using Iatrobeads (EtOAc/Pen 70:30), as a colorless solid (m.p. 85-88 8C) in 20 % yield. Preparation of ethyl 2-hydroxy-3-methylene-6-phenylcyclohex-1-enecarboxylate (16 a): Pd/C (10 mol %,52.0 mg, 0.048 mmol) was added to a solution of 3 a (76 mg, 0.2 mmol) in EtOAc (5 mL), and the resulting mixture was stirred under H 2 atmosphere for 90 min. Then the mixture was filtered through Celite and concentrated in vacuo. The residue was dissolved in THF (1 mL), and formaldehyde (aq 37 %, 0.180 mL, 2.4 mmol) and a solution of K 2 CO 3 (83 mg, 0.6 mmol) in H 2 O (1 mL) were added to this solution. The resulting mixture was stirred at RT overnight and then quenched with brine (10 mL) and extracted with CH 2 Cl 2 (3 15 mL). The combined organic layers were dried over MgSO 4 and evaporated. Compound 16 a was isolated by FC using Iatrobeads (DCM/Et 2 O 4:1), as a white solid (m.p. 63-66 8C) in 39 % yield (over 2 steps). 7, 165.2, 144.8, 138.2, 128.0 (2 ), 127.6 (2 ), 125.9, 116.6, 110.9, 60.5, 39.4, 31.0, 26.1, 13.8 Preparation of ethyl 2-hydroxy-3-methylene-4,6-diphenylcyclohex-1-enecarboxylate (16 b): A solution of 3 a (75 mg, 0.197 mmol) in THF (2 mL) was added dropwise to a solution of CuI (46.0 mg, 0.24 mmol) and PhMgBr (1 m in THF, 0.24 mL, 0.24 mmol) in THF (2 mL) at 0 8C. The reaction was stirred at this temperature for 1 h. The mixture was acidified with 1 m HCl (8 mL) and extracted with CH 2 Cl 2 (4x10 mL). The combined organic layers were washed with brine, dried (MgSO 4 ), and concentrated in vacuo. The residue was dissolved in THF (1 mL), and formaldehyde (aq 37 %, 0.180 mL, 2.4 mmol) and a solution of K 2 CO 3 (83 mg, 0.6 mmol) in H 2 O (1 mL) were added to this solution. The resulting mixture was stirred at RT overnight and then quenched with aqueous sat. NaCl solution (10 mL) and extracted with CH 2 Cl 2 (3 15 mL). The combined organic layers were dried over MgSO 4 and concentrated in vacuo. (m, 4 H), 4 H), 7.11 (dd, J = 1.5, 8.0 Hz, 2 H), 6.15 (s, 1 H), 1 H), 3 H), 3.55 (ddd, J = 2.4, 5.7, 12.5 Hz, 1 H), 2.40 (dt, J = 5.4, 12.9 Hz, 1 H), 1.98 (dt, J = 3.4, 12.9 Hz, 1 H), 1.02 ppm (t, J = 7.1 Hz, 3 H); 13 C NMR (CDCl 3 ): d = 172. 7, 165.3, 144.4, 143.1, 142.3, 128.5 (2 ), 128.4 (2 ) , 128.1 (2 ), 127.6 (2 ), 126.6, 126, 119.1, 101.4, 60.6, 41.1, 38.6, 38.5, 13.9 
